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APPARATUS FOR SUPPRESSING
INTERFERING DC COMPONENT SHIFTS IN
A RADIO RECEIVER OF THE DIRECT
CONVERSION TYPE, AND A
CORRESPONDING METHOD SUPPRESSION

FIELD OF THE INVENTION

The invention relates to suppressor apparatus designed to
protect radio receivers, and in particular direct conversion
type radio receivers, against interfering DC component
shifts that can affect the received signals, and to radio sets
including such apparatus.

The invention is more particularly applicable to receivers
used in digital cellular radio networks, and in which recep-
tion can be disturbed by DC component shifts caused by
interference in bursts. The invention also relates to the
suppression method implemented.

BACKGROUND OF THE INVENTION

It is possible to simplify radio receivers, and in particular
radio receivers equipping radio-communications terminals
in mobile radiotelephone networks, by not using an inter-
mediate frequency in the receivers and by going directly
from the received radio-frequency signal to a baseband
signal. It is then possible to omit the elements of the receiver
that involve using an intermediate frequency.

One solution for avoiding use of an intermediate fre-
quency is mentioned in the preamble of Document EP-A-0
474 615. That solution consists of retrieving the wanted
signal contained in the received signal whose carrier is a
signal of the f=Acoswt+$ (type, by using the results of
multiplying the received signal by a local coswt signal, and
the results of multiplying said received signal by a local
sinwt signal, where w has the same value for the received
signal and for both local signals.

The results of those two multiplications correspond
respectively to an in-phase signal element I and to a quadra-
ture signal element Q, each of which comprises difference
components that are in the vicinity of zero frequency, and
sum components that are in the vicinity of twice the fre-
quency of the carrier of the received signal. A low-pass filter
makes it possible to retain only the difference components,
also referred to as “zero frequency” components, of the I and
Q signal elements to obtain the wanted portion of the
received signal.

One of the problems that arises with receivers using that
technique is that interfering transmissions can create DC
component shifts in baseband that degrade the wanted signal
obtained at the outlet of a receiver, which wanted signal can
be received at a power level that is much lower than the
power of the interfering DC component.

That can apply to digital cellular radio networks of the
GSM type, when a noise source disturbs reception in a
terminal by adding a DC component shift or offset to the
wanted signal that the terminal is to receive, in particular if
the noise-source operates in bursts, i.e. it transmits on a
carrier that it time-shares, as is conventional in time-division
multiple access mobile radio networks. In which case, the
DC component shift does not necessarily disturb the entire
received signal, and it acts differently on the in-phase
component I and on the quadrature component Q of the
received signal.

To demodulate the received signal correctly, it is neces-
sary to take that problem into account, and in particular to
determine the characteristics of the interfering shifts affect-
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2

ing each of the components of the received signal, so as to
enable said components to be corrected before they are used.

OBJECTS AND SUMMARY OF THE
INVENTION

The invention therefore provides apparatus for suppress-
ing interfering DC component shifts affecting reception of a
transmitted radio-frequency signal that is time-division mul-
tiplexed in the form of a succession of signal elements
referred to as “bursts”, each of which is made up of the same
number “m” of samples.

According to a characteristic of the invention as shown in
FIGS. 1 and 1A, the apparatus comprises means 10 for
normalizing the power of the successively received bursts
relative to the power of the resulting wanted signal, means
8, 8a for determining the instantaneous value of the DC
component for burst segments comprising the same integer
number m/n of samples in the same burst, and mean values
per segment that are obtained cumulatively on the basis of
successive bursts, means 8b for determining value and
position characteristics for the DC component shift for each
received burst, by computing on the basis of the mean values
and instantaneous values per segment, each shift being
assumed to have at least approximately the same time
position relative to the burst that it degrades as the following
shift relative to the following burst, and corrector means 9
for subtracting the shift characteristics determined for each
burst from the baseband signal obtained after normalization.

According to a characteristic of the invention, the appa-
ratus includes means 8¢ for determining the instantaneous
DC component value for the in-phase component I and the
quadrature component Q at zero frequency from a received
radio signal, and means 8d for determining a cumulative
mean value per component segment of a received burst,
firstly for the in-phase component and secondly for the
quadrature component, by summing the instantaneous value
obtained for said segment, as weighted by a measurement
contribution factor, with the cumulative value obtained for
the preceding received burst for the same signal, as weighted
by a forgetting factor, the sum of the forgetting factor and the
measurement contribution factor being equal to one.

According to a characteristic of the invention, the appa-
ratus includes means for determining a DC component shift
position that is accurate to within one bit for each received
burst on the basis of the DC component values before and
after a transition caused by a DC component shift, in the
in-phase component or in the quadrature component of a
burst, which values have been determined for the segment to
which the minimum error for said burst corresponds, and on
the basis of an intermediate value corresponding to the DC
component shift determined for the “n” bits of the minimum
error segment.

According to a characteristic of the invention, the appa-
ratus includes corrector means taking into account the
differences between the DC component values “dch” &
“deb”, and between the DC component values “dcgh” &
“degb”, as determined for a burst for suppressing the inter-
fering shift DC components that affect the in-phase compo-
nent and the quadrature component of said burst, on the
basis of the shift position, to within one bit, as determined
for said burst.

The invention also provides a radio receiver of the direct
conversion type delivering two baseband components,
namely an in-phase component I and a quadrature compo-
nent Q, on the basis of a received radio-frequency signal, the
receiver being more particularly designed to receive a trans-
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mitted signal that is time-division multiplexed in the form of
a succession of signal elements referred to as “bursts”, each
of which is made up of the same number “m” of samples.

According to a characteristic of the invention, the receiver
includes apparatus as defined above for suppressing inter-
fering DC component shifts, which apparatus contained at
least in part in a digital signal processor and downstream
from a radio converter stage delivering the in-phase com-
ponent I and the quadrature component Q of a baseband
signal on the basis of a radio-frequency signal received by
the receiver.

The invention further provides a method of suppressing
interfering DC component shifts affecting reception of a
transmitted radio-frequency signal that is time-division mul-
tiplexed in the form of a succession of signal elements
referred to as “bursts”, each of which is made up of the same
number “m” of samples.

According to a characteristic of the invention, the method
comprises:

at least one normalization step in which the power of the
successively received bursts is normalized relative to
the power of the resulting wanted signal;

a step in which the instantaneous value of the DC com-
ponent is determined for burst segments that comprise
the same integer number m/n of samples in the same
burst, and mean values are determined per segment that
are obtained cumulatively on the basis of successive
bursts;

a step in which value and position characteristics are
determined for the DC component shift for each
received burst, by computing on the basis of the mean
values and instantaneous values per segment, each shift
being assumed to have at least approximately the same
time position relative to the burst that it degrades as the
following shift relative to the following burst; and

a step in which the signal is corrected by subtracting the
shift characteristics determined for each burst from the
baseband signal obtained after normalization.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention, its characteristics and advantages are
explained in more detail in the following description given
with reference to the following figures:

FIG. 1 is a block diagram showing the principle of
apparatus making it possible to implement the method of the
invention in a receiver of the direct conversion type;

FIG. 1A shows internal components of block 8 of FIG. 1;

FIG. 2 is a graph showing an example of the distribution
of the instantaneous DC component values “dci_inst” for
the ““m/n” segments of a burst;

FIGS. 3 and 4 are graphs showing the distribution of the
DC component value estimates “tds_ dci” obtained for the
“m/n” segments of a burst after taking account of a plurality
“z1” or “z2” of successive bursts in the same signal; and

FIGS. 5 and 6 show examples of the distribution of the
least squares error obtained for the “m/n” segments of a
burst after taking into account “z1” or “z2” successive
elements of the same signal.

MORE DETAILED DESCRIPTION

The receiver 1 shown diagrammatically in FIG. 1 is
assumed to be of the direct conversion type. For example, it
may be included in a transceiver set (not shown), such as, for
example, a mobile radio terminal of a digital cellular radio
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network of the GSM type. The receiver 1 is assumed to be
provided with a converter stage 2 which receives the radio
signals picked up by an antenna 3 and which extracts
therefrom the I and Q baseband components of a raw signal,
as mentioned above.

These components are delivered to elimination apparatus
4 of the invention for eliminating DC component shift. For
example, this apparatus may be contained in a digital signal
processor § for processing the in-phase and quadrature
components of the raw signal so as to extract the wanted
information therefrom. Alternatively, it may be positioned at
least in part upstream from such a digital signal processor.

The extracted information is delivered to an interface 6
making it possible to put said information in the appropriate
form before it is applied either to information processing
members or to transducer members, which members (not
shown) are integrated in or connected to the receiver.

To this end, the digital signal processor 5 includes at least
one apparatus 7 making it possible to process a wanted
signal SU delivered by the elimination apparatus 4 of the
invention from the raw I and Q signal components that it
receives from the converter stage 2 of the receiver for the
purposes of applying them to the interface 6.

The apparatus 7 is made up of hardware and/or software
elements as is the elimination apparatus 4. It is not described
in greater detail and nor is the conversion interface 6 insofar
as both are only indirectly related to the present invention.

The elimination apparatus 4 includes a set of means or
devices 8 serving to determine the characteristics of the
interfering shift affecting the I and Q components of a
received wanted signal, and to determine the power of said
received signal. It also includes a set of shift correction
means or devices 9 which are servo-controlled to the means
for determining the characteristics of the shift. It further
includes a set of power normalization means or devices 10
which are controlled, in particular, by the power determi-
nation means, and which act on the I and Q components of
the received signal that is applied to them by the shift
correction means 9 after they have been evaluated by the
determination means 8.

The means 8 take into account the in-phase component I
and the quadrature component Q that are produced by the
converter stage 2 on the basis of the signal bursts or elements
that are transmitted successively by radio, in order to deter-
mine the characteristics of the interfering shifts affecting a
received radio signal.

One of these characteristics that the apparatus of the
invention aims to determine is the position “pos” of each
shift relative to the burst in which it occurs.

Two other characteristics that are also determined are the
two residual DC values obtained respectively for the
in-phase component I and for the quadrature component Q
of the received signal, one value from the beginning of a
burst until a shift, and the other value from the shift until the
end of the burst, i.e., graphically, one to the left and the other
to the right of the shift.

FIG. 4 shows an example of the appearance of a burst
during which an interfering voltage shift appears, such as the
shift caused by a burst of interference.

The DC component values for a received burst are esti-
mated by summing the “m” successive samples of the burst,
in groups of “n” where n is, for example, chosen to be equal
to 4 when each burst is made of m=156 samples, the value
shown up the y-axis being arbitrary in this example. Each
burst is thus represented by “m/n” DC component values
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“dci”, each of which is determined for one of the successive
segments of “n” bits of the burst, as shown by the graph in
FIG. 2, for example. Because of the noise present, it is not
possible for the results obtained to be used directly, as can
be deduced clearly from FIG. 2. In the type of application
considered, the positions and the amplitudes of the DC
component shifts relative to the bursts that they degrade
varies only very slowly relative to the frame rate at which
the signal elements are transmitted.

As a result, provision is made to use a cumulative DC
component value for the segments having the same rank in
a succession of successively received bursts for the same
signal. This involves storing in a memory the DC component
values “dci” obtained for each of the determined segments
for a succession of a given number of bursts of the signal.
The value obtained cumulatively for each segment of rank
“k” among the m/n determined segments per burst is
expressed in this case in the following form (1):

tds__dei(k)=A*tds_dci'(k)+B*dci__inst(k)

where the most recent estimate “tds_dci” for a given
segment is obtained from the cumulative estimate deter-
mined previously for the same segment and from the instan-
taneous value “dci_inst” most recently obtained for said
segment.

“A” is a forgetting factor and B is a measurement con-
tribution factor. These factors A and B are chosen such that
their sum is equal to 1, with, for example, A=0.9 and B=0.1.

This makes it possible to establish a table T of DC
component values for the set of “m/n” burst segments in
which there is a stabilization of the DC component “dci”
obtained cumulatively for each segment.

Two examples of such stabilization are shown in FIGS. 3
and 4 which are graphs showing the results respectively
obtained after taking into account a number “z1” of ten then
a number “z2” of fifty successive bursts of a signal disturbed
by a burst of interference. The position of the DC component
shift created by the interference appears on these graphs
with accuracy that increases with the number of bursts of the
received signal that are taken into account.

The position “pos” of the DC component shift is esti-
mated from the above-defined Table T by estimating the
least squares error between the shift estimate obtained for a
segment by the formula relative to the value “tds_dci” as
described above, and the estimates obtained for the m/n
possible shift positions in a burst. For this purpose, two
evaluations are performed on the basis of the following
values:

min

Z tds_dci()

i=pos

(m/n)— pos

pos—1

Z tds_dei(i)

deb = =L

W deh =

The value “dcb” corresponds to the DC component value
observed in a burst prior to the appearance of a transition
caused by a DC component shift in said burst.

The value “dch” corresponds to the DC component value
observed in a burst after the appearance of the transition in
said burst. The least squares error is obtained by applying the
following formula:
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pos—1 min
Er= Z (tds_dei(i) — deb)? + Z (tds_dei(i) — dch)?

i=1 i=pos

The position value “pos” chosen for each burst is the
value for which the error is at a minimum, i.e. the value
which is closest to the cumulative value “tds_ dci”.

The graphs in FIGS. 5 and 6 show the results respectively
obtained for position estimates from the initialization of the
processing algorithm respectively for the ten and for the fifty
successive signal bursts already taken into account for the
operations whose results are shown in FIGS. 3 and 4.

The exact position of the DC component shift to within
one bit position is then estimated for the selected segment of
“n” bits. This estimation is performed on the basis of the
values “dcb” and “dch”, and of an intermediate value
“dei_int” corresponding to the DC component shift for the
“n” bits of the chosen segment, the intermediate value being
given by the following formula:

dei__int=A__pos*dcb+(n—A_pos)*dch

where “A__pos” corresponds to the difference between the
fine position and the coarse position for one of “n” bits
positions of the segment, i.e.

A__pos=(dc_int-dch)/(dcb-dch)

Knowing the factor “pos” makes it possible to define that
position in a current burst from which the correction must
take place, and knowing the factors “dcb” and “dch” makes
it possible merely by taking the difference to establish the
value of the correction to be performed on the component
taken into account in the above-mentioned operations. In the
above description, this component is assumed to be the
in-phase component I of the signal.

In a first variant of the invention, the correction to be
performed for the other component of the received signal,
i.e., in this example, the quadrature component Q, is per-
formed in the manner mentioned above for the in-phase
component 1.

In a cheaper second variant, the correction to be per-
formed for one of the components, namely the quadrature
component Q, or optionally the in-phase component I, may
take into account the position “pos” already determined for
the other component.

In the above-considered case in which the position “pos™
has been determined for the in-phase component I, provision
is made to compute the values “degb” and “dcgh” relating to
the quadrature component Q in the same way as for the
values corresponding to “dcb” and “dch” relating to the
in-phase component I, and therefore using the following
formulae:

min

Z tds_dci(g)

i=pos

(m/n)— pos

pos—1

Z tds_dci(g)

degb = =l

el degh =

The two values leading to the correction to be applied are
estimated by averaging the DC component shift values over
a plurality of successive bursts of the received signal.

The two mean values degb__mem (burst p) and degh__
mem (burst p) are computed similarly as indicated below for
a burst “p” as a function of the value taken into account for
the immediately preceding received burst and of the instan-
taneous value obtained for the current burst.
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Hence:

degb_mem(burst p)=A*dcgb_mem(burst p-1)+B*dcqb__inst
and:

degh_mem(burst p)=A* dcgh_mem(burst p-1)+B*dcqh_inst

In this example, the forgetting factor A and the measure-
ment contribution factor B are assumed to be identical to
those defined above. The value set for the forgetting factor
makes it possible to act on the speed of convergence of the
algorithm implemented and on its stability and thus on the
smoothing that it performs on the measurement results.

Knowing the values degb__mem (burst p) and degh__mem
(burst p) makes it possible by taking the difference to
determine the correction to be performed on the signal
bursts, or more precisely on the quadrature component Q of
the received signal from the position “pos” defined as
indicated above.

The value set for the forgetting factor makes it possible to
act on the speed of convergence of the algorithm imple-
mented and on its stability and thus on the smoothing that it
performs on the measurement results. The bit error rate
(BER) becomes substantially zero very rapidly, and, for
example, it goes from 50% to 1% after about twenty
successive bursts have been received.

Provision is also made to perform a second normalization,
burst by burst, on the in-phase component and on the
quadrature component of the received signal after these
components have been corrected in the manner indicated
above.

This makes it possible to improve the quality of demodu-
lation of the signal received by a receiver, in particular when
a DC component shift is present that is of amplitude that is
large relative to the amplitude of the received wanted signal.
The automatic gain control of the receiver is organized to
use the results of the determination of the energy of the
wanted signal in the received signal, determined as indicated
above.

What is claimed is:

1. An apparatus for suppressing interfering DC compo-
nent shifts affecting reception of a transmitted radio-
frequency signal that is time-division multiplexed in the
form of a succession of signal elements referred to as
“bursts”, each of which is made up of the same number “m”
of samples, said apparatus comprising means for normaliz-
ing the power of the successively received bursts relative to
the power of a resulting wanted signal, means for determin-
ing the instantaneous value of the DC component for burst
segments, in groups of n, comprising the same integer
number m/n of samples in the same burst, and for detecting
mean values per segment that are obtained cumulatively on
the basis of successive bursts, and means for determining
value and position characteristics for the DC component
shift for each received burst, by computing on the basis of
the mean values and instantaneous values per segment, each
shift being assumed to have at least approximately the same
time position relative to the burst that it degrades as the
following shift relative to the following burst, and corrector
means for subtracting the shift characteristics determined for
each burst from the baseband signal obtained after normal-
ization.

2. The apparatus according to claim 1, including means
for determining an instantaneous DC component value for
an in-phase component I and an quadrature component Q at
zero frequency from a received radio signal, and means for
determining a cumulative mean value per component seg-
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ment of a received burst, firstly for the in-phase component
and secondly for the quadrature component, by summing the
instantaneous values obtained for said component segment,
as weighted by a measurement contribution factor, with the
cumulative value, obtained for the preceding received burst
for the same signal, as weighted by a forgetting factor, the
sum of the forgetting factor and the measurement contribu-
tion factor being equal to one.

3. The apparatus according to claim 2, including comput-
ing means for determining characteristics of DC component
values for each received burst, by computing on the basis of
the mean values and instantaneous values per burst segment,
which computing means include first means for determining
a DC component value “deb” or “dcqb” prior to appearance
of a transition caused by a DC component shift in a burst,
and a DC component value “dch” or “dcgh™ after appear-
ance of the transition in the same burst, wherein

min

Z tds_dei(i)

i=pos

deh =

pos—1

Z tds_dei(i)

deb = =L

pos—1 —pos

for the in-phase component I of the received signal; and

min

Z tds_dci(g)

i=pos

pos—1

Z tds_dci(g)

degb = =l

pos—1 degh =

—pos

for the phase quadrature component Q of said received
signal, where tds_ dci is a cumulative DC component
value, and “pos” is the position of each shift relative to
the burst in which it occurs.

4. The apparatus according to claim 3, including means
for determining a position of the DC component shift for
each received burst by taking into account a minimum error
determined for a segment of the burst in the in-phase
component or in the quadrature component, on the basis of
an estimate of the least squares error for each segment of the
burst for the chosen component, i.e. the in-phase component
or the quadrature component.

5. The apparatus according to claim 4, including means
for determining a DC component shift position that is
accurate to within one bit for each received burst on the basis
of the DC component values before and after a transition
caused by a DC component shift, in the in-phase component
or in the quadrature component of a burst, which values have
been determined for the segment to which the minimum
error for said burst corresponds, and on the basis of an
intermediate value corresponding to the DC component shift
determined for “n” bits of the minimum error determined for
said segment.

6. The apparatus according to claim 5, including corrector
means taking into account the differences between the DC
component values “dch” & “dcb”, and between the DC
component values “degh” & degb”, as determined for said
burst for suppressing the interfering shift DC components
that affect the in-phase component and the quadrature com-
ponent of said burst, on the basis of the shift position, to
within one bit, as determined for said burst.

7. A radio receiver of the direct conversion type delivering
in a downstream direction two baseband components,
namely an in-phase component I and a quadrature compo-
nent Q, on the basis of a received radio-frequency signal, the
receiver being designed to receive a transmitted signal that
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is time-division multiplexed in the form of a succession of
signal elements referred to as “bursts”, each of which is
made up of the same number “m” of samples, said receiver
including apparatus according to claim 1 for suppressing the
interfering DC component shifts, which apparatus is con-
tained at least in part in, or upstream from, a digital signal
processor and downstream from a radio converter stage
delivering the in-phase component I and the quadrature
component Q of a baseband signal on the basis of a radio-
frequency signal received by the receiver.

8. A method of suppressing interfering DC component
shifts affecting reception of a transmitted radio-frequency
signal that is time-division multiplexed in the form of a
succession of signal elements referred to as “bursts”, each of
which is made up of a same number “m” of samples, said
method comprising:

at least one normalization step in which the power of

successively received bursts is normalized relative to
the power of a resulting wanted signal;
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a step in which an instantaneous value of the DC com-
ponent is determined for burst segments, in groups of
n, that comprise a same integer number m/n of samples
in a same burst, and mean values are determined per
segment that are obtained cumulatively on the basis of
successive bursts;

a step in which value and position characteristics are
determined for the DC component shift for each
received burst, by computing on the basis of the mean
values and instantaneous values per segment, each shift
being assumed to have at least approximately the same
time position relative to the burst that it degrades as the
following shift relative to the following burst; and

a step in which the signal is corrected by subtracting shift
characteristics determined for each burst from the base-
band signal obtained after normalization.



